Summary.-Survival and proliferation of cell cultures from human anaplastic astrocytomas were shown to be enhanced by glucocorticoids with an optimal concentration of -2 5 x 10-5M (10 ug/ml). The stimulation of proliferation was only observed in a clonal growth assay and was reversed as the size of individual colonies reached 50 cells. Above this size, and in regular-monolayer cultures, glucocorticoids were found to inhibit cell proliferation as measured by direct cell counting and incorporation of [3H] thymidine. Cultures grown to maximum cell densities in non-limiting medium conditions reached a lower terminal cell density, and had a reduced labelling index with [3H] thymidine in the presence of glucocorticoids.
Although there was little difference between the actions of /3-methasone, dexamethasone and methyl prednisolone, methyl prednisolone was found to be more effective, both in terms of stimulation of clonal growth and inhibition of growth at high cell densities.
There was no evidence of cytotoxicity with glucocorticoids up to 5 x 10-5M (20 ,jg/ ml) and it is suggested that glucocorticoids act via a normal regulatory process, perhaps enhancing cell-cell recognition.
GLUCOCORTICOIDs are used extensively in cancer chemotherapy and have been shown frequently to be cytostatic. For example, the proliferation of L5178Y mouse lymphoma cells is inhibited when the appropriate steroid receptors are present, implying a specific physiological action (Kondo et al., 1975; Taira & Terayama, 1978) . Although cytotoxicity has been demonstrated in other systems (Wellington & Moon, 1961; Mealey et al., 1971) concentrations of steroid (> 10-5M) which exceed the anticipated pharmacological level have been used. Where physiological (10-10-10-8M) or pharmacological (10-6-1 0-5M) concentrations have been used with human tumour cultures, both stimulation of cell proliferation (Mealey et al., 1971; Guner et al., 1977) and inhibition (Jones et al., 1978; Braunschweiger et al., 1978) Wilson et al. (1972) suggested that the same may be true for cultured glioma.
Glucocorticoids are used in the treatment of glioma because of their inhibitory effect on postoperative brain swelling and oedemia caused by the tumour. The action of such steroids on the tumour cells is not entirely clear, and a previous report (Guner et al., 1977) showed that glucocorticoids could greatly enhance both the survival and proliferation of astrocytoma cultures in a colony-forming assay.
The present report demonstrates that the response of astrocytoma cells to glucocorticoids is influenced greatly by the conditions of the assay and in particular by the density of the cell culture. Whilst the survival and proliferation of cells maintained at a low cell density are both increased by treatment with glucocorticoids, cell proliferation is inhibited at higlh cell densities. These observations have considerable significance in designing assays for measurement of steroid-induced cytostasis, imply that steroids act via physiological regulation and are not cytotoxic to glial cells, and indicate that the response of a cell population to regulation by glucocorticoids will vary according to the interaction of the cell with adjacent cells.
MATERIALS AND METHODS
Cell cultures were derived from biopsy samples of human anaplastic astrocytoma by disaggregation in collagenase, and maintained as monolayers on plastic (Corning or Falcon) in a modification of Hams F12 medium (Guner et al., 1977) (, 2 Ci/mmol) washed and fixed in methanol. Unincorporated precursor was removed in 3 washes of ice-cold 10% trichloroacetic acid.
The whole monolayer was dissolved in N NaOH, and transferred to scintillation fluid (Triton-X toluene-based scintillator), neutralized with HCI and counted on a Packard 2425 or 2450 scintillation spectrometer.
Autoradiography.-Cells grown on coverslips were labelled for 24 or 48 h, washed, fixed in methanol and treated with 10% trichloroacetic acid as above, They were then carefully washed free of acid, dried and mounted on microscope slides. The monolayer was exposed to Ilford K2 emulsion, diluted 1:3 with distilled water, for 2 weeks, developed in D19, fixed in Ilfofix, washed and dried. They were stained in Giemsa and the percentage of labelled cells determined. Where the cell density made scoring difficult cultures were disaggregated in trypsin/ collagenase (see above) and reinoculated at about one fifth of the density on to fresh coverslips. After 24 h, when there were few unattached cells, the coverslips were treated as above.
RESULTS
Stimulation of clonal growth by 3-rmethasone A previous report (Giuner et al., 1977) showed that glucocorticoids stimulated cloning efficiency and growth of colonies in human glioma cultures. This was confirmed in the present series of experiments ( Colonies grown in the presence of steroid showed a more compact morphology, implying reduced cell migration and greater cell-cell adhesion (Fig. 2 ). An increase in cloning efficiency was also observed in normal fibroblasts, but not in normal glia or Hela cells (Table I) with 2 5x 10-5M ,B-methasone for 7 days.
Density dependence
Although /3-methasone produced a higher average colony size, it also created a greater uniformity between colonies (Fig. 3 ) and a few colonies in cultures without steroid actually reached sizes greater than in treated samples. These (Fig. 1) . In Fig. 4 cells from a different culture (RAE) grew more rapidly in the presence of /-methasone up to 50 cells per colony. Above this size /-methasone became inhibitory.
Cell concentration As colonies increase in size the cell concentration (cells/ml of medium) will increase with the cell density (cells/cm 2 substrate). To test the effect of cell concentration while still retaining the same design of assay, monolayers of cells previously treated with mitomycin C (see Methods) were prepared with varying numbers of cells. The test culture was then trypsinized and inoculated at 100 cells/ml (-25 cells/cm2) on to the feeder layers with or without 25 x 10 -5M (10 ,ug/ml) or 3-methasone. Both feeder layers and 3-methasone enhanced the survival and growth of colonies (Fig. 5) . In the absence of a feeder layer, cloning efficiency was increased 50-fold by 3-methasone, but at 105 feeder-layer cells/cm2 (density at start) the increase produced by /-methasone was only 10-fold, owing to an increase in the cloning efficiency of the controls with feeder layers. A similar effect was found on colony size. Whilst increasing the cell density to 105 cells/cm2 increased the number of colonies with 64 cells or more (> 6 doublings) from 0 to 30, a further increase of 8&5 times is produced by addition of 25 x 10-5M 3-methasone. Hence survival and proliferation were still stimulated in cell concentrations considerably higher than those normally used in cloning. The actual feeder-layer density at the end of this experiment was not determined, but was considerably less than that indicated by the initial density.
Increasing density in regular monolayers
Cultures were examined as their cell density increased from 2 to 5 x 103 cells/ cm2 at inoculation to a maximum usually around 2 x 105 cells/cm2. Cultures maintained in the presence of 3-methasone grew more slowly than controls (Fig 6) (Table II) . Hence the reduced terminal cell density in Fig. 6 was probably due to a reduction in cell proliferation rather than an increase in cell death.
A reduction of maximum cell density and labelling index with [3H]TdR at this density was also found with other synthetic glucocorticoids, dexamethasone and methyl prednisolone, at the same concentrations. Insulin (5 u/ml) increased the maximum cell density and the labelling index with [3H]TdR.
When normal glial cells were grown to maximum density in the presence of 3-methasone the terminal cell density was reduced by about 25°, (Fig. 8) 7-9 100 9-08 100 5 u/ml 9-2 116 2-5 x 10-5M(l0 tLg/ml) 4-7 59 6-6 72 2 5x 10-5 10 (jg/ml) 4-1 52 5-6 62 2-5x 10-5 (10 ug/ml) 
Cytotoxicity
When clonal growth in the presence and absence of /3-methasone was compared with growth after /-methasone treatment restricted to the first 3 days (Fig. 1) , it was seen that colony size was increased more~~~~~~~~~~~5 degree of inhibition in continuous exposure. In contrast to the effect of glucocorticoids, insulin was most effective if present in the medium throughout. To determine whether 3-methasone was cytotoxic at high cell densities, cultures were allowed to reach the plateau phase and treated with 2-5 x 10-5M /-methasone for 5 days before trypsinization. There was no indication that treatment with steroid before trypsinization reduction in the cloning efficiency, as cultures cloned in the presence of steroid showed enhanced cloning efficiency rather than inhibition (Fig. 10) . Hence prolonged treatment with /3-methasone at cell densities where cytostasis is normally observed (see above) produced no subsequent reduction in cloning efficiency.
DISCUSSION
Two distinct types of response tomethasone can be distinguished in glioma cultures. One is a promotion of cell survival and subsequent proliferation during cloning. The other is the inhibition of proliferation in well developed colonies, in nearly exponentially growing monolayers, at high post-confluent cell densities, when 3-methasone is present throughout the culture period. The stimulation of clonal growth is only found at low cell densities following trypsinization, whereas inhibition is detected only as the cell density increases. The inhibition is reversible and following subculture in the presence of steroid, there is no cytotoxicity but stimulation of cloning efficiency.
Since the stimulatory effect is associated with trypsinization and reattachment, one effect of glucocorticoids may be on cell adhesion (cf. Ballard & Tomkins, 1969) of cellular fibronectin (Furcht et al., 1979) and to decrease the activity of cellassociated protease (Wigler et al., 1975; Seifert & Gelehrter, 1978; Fredin et al., 1979) Although there was relatively little difference in the response of glioma cultures to different glucocorticoids, the 3 steroids used were ranked in the same order of effectiveness for both stimulation of cloning efficiency and cytostasis at high cell density. Methylprednisolone gave the greatest stimulation of cloning efficiency when removed after 7 days (Fig. 9) , the greatest inhibition of clonal growth when present continuously (Fig. 9) and the greatest inhibition of [3H]TdR incorporation at high cell densities (Table II) .
